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Technical Field 

The present invention relates to portable radio equipment, and more 
particularly, to portable radio equipment communicating with a base 
station that uses an antenna having one main plane of polarization. 

Background Art 

As transmitting/receiving antennas for use in portable radio 
equipment, a whip antenna attached to a cabinet in the longitudinal 
direction and a helical antenna are known. Of the antennas for portable 
radio equipment commercially available at present in Japan, the one of a 
whip and helical type is often utilized, which operates as a whip antenna 
when pulled out, and a helical antenna provided at the end of the whip 
antenna via an insulator comes to work when retracted. An inverted F 
antenna or the like is built in the cabinet as an antenna for reception 
diversity. 

Generally, one of the causes that would degrade characteristics of an 
antenna is antenna efficiency, which is determined from an effective 
radiation area according to the physical size and structure of the antenna. 
Others include loss due to impedance mismatch with a radio unit and loss 
due to nonconformity of directivity and plane of polarization with an 
antenna as a counterpart in communication. 

An antenna on the mobile terminal side of the mobile communication 
like the portable radio equipment is placed or held in different 
environments as the terminal moves, so that directivity and plane of 
polarization thereof change constantly. In addition, since such equipment 
is often employed near a human body, it tends to be affected by the human 
body nearby. 

Fig. 9 shows exemplary details of loss of gain averaged through the 
horizontal plane during a call of portable radio equipment provided with a 
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whip antenna attached to the metal cabinet. As seen from Fig. 9, 
compared to the loss due to the influence of the adjacent human body or 
due to mismatch, the loss due to the difference of polarization is 
considerably large. 

5 An antenna at the base station that communicates with the portable 

radio equipment has, as its main polarization, vertical polarization with 
respect to the land surface. Although the waves transmitted from the 
transmitting/receiving antenna of the base station repeat reflection and 
diffraction due to buildings and other structures until they reach the 

10 receiving antenna of the portable radio equipment, it is known that the 
main polarization of the waves transmitted from the base station to the 
portable radio equipment is generally the vertical polarization. Regarding 
the reception characteristic of the transmitting/receiving antenna at the 
base station, it is obvious, from the reversibility of the 

15 transmission/reception characteristics of an antenna, that the antenna gain 
will increase as the vertically polarized wave components in the waves 
coming from the portable radio equipment are more dominant. 

The whip antennas and others placed on the portable radio 
equipment have various kinds of radiation patterns according to electrical 

20 lengths of the antenna elements and sizes of the cabinets. However, it is 
known that, when the portable radio equipment is placed in an upright 
position, the main polarization becomes vertical to the land surface. 

Thus, when portable radio equipment is being used for 
communication (often tilted at about 60 degrees from a zenithal direction) 

25 or placed horizontally on a desk or the like, the main polarization of the 
antenna formed in the portable radio equipment comes to considerably 
deviate from the main polarization of the antenna at the base station that 
is vertical to the land surface. This causes degradation of antenna gain. 
Techniques to reduce the loss due to such nonconformity of 

30 polarization have conventionally been proposed. An example thereof, for a 
receiving antenna, is a technique to realize reception diversity, in which an 
antenna having vertical polarization as its main polarization, such as a 
whip antenna, and a receive-only built-in antenna having horizontally 
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polarized wave components, such as an inverted F antenna, are switched 
with each other. 

Fig. 10 shows a configuration for the reception diversity in 
conventional portable radio equipment. Referring to Fig. 10, a 
5 transmitting/receiving antenna 21 and a built-in antenna 22 having main 
polarization different in direction from that of transmitting/receiving 
antenna 21 are provided. Transmitting/receiving antenna 21 and built-in 
antenna 22 are switched using a changeover switch 23, and either 
transmitting/receiving antenna 21 or built-in antenna 22 is connected via 

10 changeover switch 23 to a radio unit 24. 

Assume that transmitting/receiving antenna 21 and built-in antenna 
22 are receiving waves from the base station. As these two antennas are 
placed a prescribed distance apart from each other and have main 
polarization of different directions, the reception characteristics of these 

15 antennas change due to fading and others over time, with a prescribed 
correlation. In radio unit 24, control is performed to switch changeover 
switch 23 to either transmitting/receiving antenna 21 or built-in antenna 
22 that exhibits a better reception characteristic during a certain period of 
time. Such control guarantees a more stable reception characteristic. 

20 In the configuration shown in Fig. 10, if an inverted F antenna is 

employed as the receive-only antenna, it is difficult to provide a sufficiently 
large bottom board on the portable radio equipment. Thus, in the 
radiation pattern of the inverted F antenna, radiation from the longitudinal 
direction of the metal portion of the cabinet becomes dominant. As a 

25 result, the directivity and the direction of main polarization of the inverted 
F antenna come to approximate to those of the whip antenna, so that it 
becomes difficult to ensure adequate correlation of polarization between the 
antennas. In order to solve such a problem, one technique employs a 
microstrip antenna or a circularly polarized wave receiving antenna as the 

30 built-in antenna to increase the recognition level of cross polarization with 
the whip antenna. 

Fig. 11 shows a built-in antenna for reception diversity of portable 
radio equipment disclosed, for example, in Japanese Patent Laying-Open 
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No. 6-338816. Referring to Fig. 11, an external antenna 31 and a built-in 
antenna 32 formed of one-side short-circuited type microstrip that is 
different in direction of main polarization and directivity from the external 
antenna 31 are built in a cabinet 33 of portable radio equipment. Since 
5 the direction of main polarization and directivity of external antenna 31 are 
different from those of built-in antenna 32, it becomes possible to increase 
the coefficient of correlation between the antennas, so that effective 
diversity is enabled. 

Fig. 12 shows an example to improve the reception characteristic of 

10 portable radio equipment disclosed, for example, in Japanese Patent 

Laying-Open No. 6-188801. Referring to Fig. 12, an antenna 41 for linear 
polarization for use in receiving the linear polarization and an antenna 42 
for circular polarization for use in receiving the circular polarization are 
provided. At the time of reception, antenna 42 for circular polarization 

15 waits for radio waves. When a detecting circuit 42 detects reception of 
desired radio waves, a controller 46 controls a changeover switch 43 to 
switch the reception antenna from antenna 42 for circular polarization to 
antenna 41 for linear polarization for use in transmission/reception. In 
this configuration, antenna 42 for circular polarization is used when 

20 receiving the radio waves. Thus, regardless of the direction in which the 
terminal is directed, degradation of antenna gain due to nonconformity of 
polarization can be decreased. 

The examples described above are directed to improve the reception 
diversity characteristics. They do not attempt to decrease the loss due to 

25 nonconformity of polarization to improve the transmission characteristics of 
the portable radio equipment. To improve the transmission/reception 
characteristics by decreasing such loss due to nonconformity of polarization, 
the antenna may be mechanically inclined with respect to the cabinet. 

Fig. 13 shows such an example disclosed in Japanese Patent Laying- 

30 Open No. 8-274525. Radio waves are fed from a metal cabinet 52 covered 
with a resin cabinet 51 through a coaxial line 53 to an antenna 54. An 
outer sheath of the upper portion of coaxial line 53 is connected with a 
cylindrical choke 54 having an electrical length of A74, so that, together 
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with antenna 55, the performance equivalent to that of a X/2 dipole 
antenna can be obtained. At this time, the antenna is held in an erect 
position by means of a rotatable joint 56 regardless of the attitude of the 
portable radio equipment, and accordingly, the gain degradation of the 
5 transmission/reception characteristics due to nonconformity of polarization 
with the base station can be reduced. 

Figs. 14A and 14B show an antenna 62 disclosed in Japanese Patent 
Laying-Open No. 6-268547, which is provided with a joint 63 so that, when 
antenna 62 is pulled out from a cabinet 61 of portable radio equipment, it is 

10 made perpendicular to the land surface. Thus, the gain degradation of the 
transmission/reception characteristics due to nonconformity of polarization 
with the base station is decreased. 

These antennas, however, require structures for mechanical 
inclination thereof. In addition, a user of the portable radio equipment 

15 needs to adjust the angle of the antenna. Since the angle to which the 
antenna can be inclined is limited to a certain extent, the antenna may 
become a nuisance to the user when calling. 

There is another way to switch the polarization by switching short- 
circuited points according to the attitude of the portable radio equipment. 

20 Fig. 15 shows an antenna portion of the configuration disclosed in Japanese 
Patent Laying-Open No. 2-94713. Referring to Fig. 15, a plate antenna 72 
is provided on the bottom board 71, and radio waves are fed from an 
antenna feed point 73 to this plate antenna 72. Plate antenna 72 is placed 
on bottom board 71 by means of a short-circuited point 74 and short- 

25 circuited points 75 and 76 with changeover switches. Thus, even in a 

single antenna, changeover switches of short-circuited points 75 and 76 can 
be switched to change the direction of main polarization of the antenna, so 
that the gain deterioration due to nonconformity of polarization can be 
decreased. 

30 This method has an advantage that polarization can be switched in 

one antenna. However, it has a disadvantage, as in the case of the 
inverted F antenna described above, that the bottom board of an adequate 
size cannot be ensured on the portable radio equipment, and thus, a 
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sufficient recognition level of cross polarization cannot be obtained. In 
addition, it is difficult to direct the main polarization in a direction 
orthogonal to the plate antenna that is shown as the Z direction in Fig. 15. 
The transmitting/receiving waves from an antenna of portable radio 
5 equipment that is placed or held in any direction are likely to diverge in 
direction of main polarization from that of the antenna at the base station 
whose main polarization is vertical to the land surface, thereby causing loss. 
When a simple linear antenna is being utilized, the antenna needs to be 
inclined to realize the vertical polarization. This requires a certain 

10 mechanical structure, and further, the inclined antenna may cause 

discomfort of a user while he/she calls. Further, in the case where the 
direction of main polarization of one plate antenna is switched by switching 
short-circuited points, it is difficult to achieve a sufficient recognition level 
of cross polarization. There also exists a certain direction in which the 

15 main polarization cannot be directed with ease. 

Disclosure of the Invention 

Based on the foregoing, a primary object of the present invention is 
to provide portable radio equipment that can be fitted to plane of 
20 polarization of waves transmitted to or received from a base station, and 
that can electrically reduce loss due to nonconformity of polarization 
regardless of the direction in which the portable radio equipment is placed 
or held. 

The present invention is directed to portable radio equipment 
25 provided with a radio unit formed of a transmitting/receiving circuit within 
a cabinet. It includes at least two transmitting/receiving antennas 
different in direction of main polarization from each other, and a power 
distributor that couples the respective antennas to the radio unit to cause 
the at least two transmitting/receiving antennas to operate simultaneously 
30 and that weights distribution amounts of power being dealt by the 
respective antennas. 

Preferably, the portable radio equipment is further provided with a 
tilt detector for detection of a tilt angle of the cabinet, and a control circuit 
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for controlling, based on the detected tilt angle, power distribution by the 
power distributor so as to optimize transmission/reception of the at least 
two transmitting/receiving antennas. 

Still preferably, the portable radio equipment is further provided 
with a reception strength detector for detection of received field strength of 
each of the at least two transmitting/receiving antennas, a comparator for 
comparison of the detected received field strength with the weighting of the 
antenna given by the power distributor, and a control circuit for controlling, 
based on the comparison output of the comparator, the weighting of the 
power distributor so as to optimize a ratio of the power being fed to the 
respective antennas. 

The power distributor includes an impedance transformation circuit 
that controls impedance of the at least two transmitting/receiving antennas 
to change the weighting of the distribution ratio of the power being fed to 
the respective antennas, and an impedance adjustment circuit that adjusts 
total composite impedance of the at least two transmitting/receiving 
antennas and the radio unit. 

The impedance transformation circuit and the impedance adjustment 
circuit are formed of variable capacitance diodes. 

Preferably, the at least two transmitting/receiving antennas are 
placed in directions orthogonal to each other. 

Still preferably, one of the at least two transmitting/receiving 
antennas is a whip antenna, and the rest of the antennas includes a 
meander antenna that is folded to meander so as to reduce the total length. 

Brief Description of the Drawings 

Fig, 1 is a diagram showing a schematic view of portable radio 
equipment according to a first embodiment of the present invention. 

Fig. 2 is a block diagram of the portable radio equipment according 
to the first embodiment of the present invention. 

Fig. 3 is a diagram showing specific examples of the impedance 
transformation circuits and the composite impedance matching circuit 
shown in Fig. 2. 



Fig. 4 is a diagram showing a schematic view of portable radio 
equipment according to a second embodiment of the present invention. 

Fig. 5 is a block diagram of the portable radio equipment according 
to the second embodiment of the present invention. 

Fig. 6 is a diagram showing a schematic view of portable radio 
equipment according to a third embodiment of the present invention. 

Fig. 7 is a diagram showing a schematic view of portable radio 
equipment according to a fourth embodiment of the present invention. 

Fig. 8 is a block diagram of the portable radio equipment according 
to a fifth embodiment of the present invention. 

Fig. 9 is a diagram showing exemplary details of loss of gain 
averaged through the horizontal plane during a call of portable radio 
equipment. 

Fig. 10 is a schematic block diagram of conventional portable radio 
equipment employing a changeover reception diversity method. 

Fig. 11 is a diagram showing a schematic view of conventional 
portable radio equipment employing the changeover reception diversity 
method to reduce loss due to nonconformity of polarization. 

Fig. 12 is a block diagram of conventional portable radio equipment. 

Fig. 13 is a diagram showing a schematic view of conventional 
portable radio equipment having an antenna mechanically inclined to 
reduce loss due to mismatch of polarization. 

Figs. 14A and 14B are diagrams illustrating a conventional example 
to reduce the loss due to nonconformity of polarization by mechanically 
inclining the antenna. 

Fig. 15 is a diagram illustrating a conventional example to improve 
transmission/reception characteristics in a single antenna by switching the 
direction of main polarization. 

Best Modes for Carrying Out the Invention 

Fig. 1 schematically shows portable radio equipment of the first 
embodiment of the present invention. Fig. 2 is a block diagram thereof. 

Referring to Fig. 1, transmitting/receiving antennas 1 and 2, 



different in direction of main polarization from each other, are attached to a 
cabinet 3 of the portable radio equipment. Transmitting/receiving 
antennas 1 and 2 are placed orthogonal to each other. As the 
transmitting/receiving antenna 1, a whip antenna is employed, which is 
5 pulled out upwards from cabinet 3. Transmitting/receiving antenna 2 is 
contained within cabinet 3 to extend in a horizontal direction. Since the 
directions of the electric fields transmitted/received through 
transmitting/receiving antennas 1 and 2 are orthogonal to each other, 
antenna coupling can be made small. The coefficient of correlation 

10 between these antennas can be made large, so that the recognition level of 
cross polarization can also be increased. 

As shown in Fig. 2, transmitting/receiving antennas 1 and 2 are each 
connected directly to a variable power distributor 5 being connected to a 
radio unit 4. Variable power distributor 5 is formed of impedance 

15 transformation circuits 6 and 7 that are connected to transmitting/receiving 
antennas 1 and 2, respectively, and a composite impedance matching 
circuit 8. Impedance transformation circuits 6 and 7 are used to change 
the weighting of a distribution ratio of the power being fed to 
transmitting/receiving antennas 1 and 2. Composite impedance matching 

20 circuit 8 is used to adjust the total composite impedance of two 
transmitting/receiving antennas 1, 2 and radio unit 4. 

A tilt angle detector 9, such as a gravity direction sensor, is further 
provided for detection of the tilt angle of cabinet 3. The detected output of 
this tilt angle detector 9 is supplied to a control unit 10. Based on the 

25 detected output of tilt angle detector 9, control circuit 10 controls 

impedance transformation circuits 6, 7 within variable power distributor 5, 
and changes the weighting of the distribution ratio of the power to be fed to 
transmitting/receiving antennas 1 and 2. Control circuit 10 also controls 
composite impedance matching circuit 8 at the same time, so that the 

30 composite impedance of impedance transformation circuits 6, 7 is matched 
to characteristic impedance to radio unit 4 seen from the antennas. 

Impedance transformation circuits 6, 7 and composite impedance 
matching circuit 8 are formed of variable capacitance diodes C1-C9, as 
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shown in Fig. 3. More specifically, impedance transformation circuit 6 is 
formed with variable capacitance diodes CI and C2 serially connected with 
each other, and another variable capacitance diode C3 that is connected 
between a connect point of variable capacitance diodes Cl, C2 and a ground 
5 node. Similarly, impedance transformation circuit 7 is formed with 

variable capacitance diodes C4 and C5 that are serially connected with 
each other, and another variable capacitance diode C6 that is connected 
between a connect point of variable capacitance diodes C4, C5 and a ground 
node. Composite impedance matching circuit 8 is formed of variable 

10 capacitance diodes C7 and C8 that are serially connected with each other, 
and another variable capacitance diode C9 that is connected between a 
connect point of variable capacitance diodes C7, C8 and a ground node. 

These variable capacitance diodes C1-C9 are provided with a 
prescribed level of voltage as a control signal from control unit 10. The 

15 capacitance is altered according to this voltage, so that the impedance is 
changed. 

As described above, according to the present embodiment, 
transmitting/receiving antennas 1 and 2 are placed orthogonal to each 
other. Thus, the antenna coupling can be made small, and the coefficient 
20 of correlation between transmitting/receiving antennas 1 and 2 can be 

made large. Accordingly, the recognition level of cross polarization can be 
increased. 

Fig. 4 schematically shows portable radio equipment of the second 
embodiment of the present invention. Fig. 5 is a block diagram thereof. 
25 In the first embodiment shown in Figs. 1 and 2, first and second 

transmitting/receiving antennas 1 and 2 have been employed. In such a 
case, it is difficult to direct the main polarization in a direction (Y direction 
in Fig. 1) orthogonal to the electric fields of these transmitting/receiving 
antennas 1 and 2. 

30 Thus, as shown in Fig. 4, three transmitting/receiving antennas 1, 2 

and 11 are placed orthogonal to each other. By placing the respective 
antennas 1, 2 and 11 in a direction orthogonal to the electric fields being 
transmitted/received through the antennas, it is possible to control such 
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that the composed plane of polarization of the three antennas has vertical 
polarization with respect to the land surface, regardless of the direction in 
which the portable terminal is placed. 

Corresponding to additionally provided transmitting/receiving 
5 antenna 11, an additional impedance transformation circuit 12 is provided 
within variable power distributor 5. Control unit 10 controls impedance 
transformation circuits 6, 7 and 12, as in the first embodiment, to change 
the weighting of a distribution ratio of the power being fed to the respective 
antennas. Composite impedance matching circuit 8 adjusts the total 
10 composite impedance of these three transmitting/receiving antennas 1, 2 
and 1 1 and radio unit 4. 

Thus, by providing three antennas 1, 2 and 11, the composed plane 
of polarization of the three antennas can be controlled to have vertical 
polarization with respect to the land surface regardless of the direction in 
15 which the portable terminal is placed. 

Figs. 6 and 7 schematically show the third and fourth embodiments 
of the present invention, respectively. 

The second embodiment shown in Fig. 4 is increased in the outside 
dimension, as it is provided with three transmitting/receiving antennas 1, 2 
20 and 11. Thus, in Fig. 6, other than transmitting/receiving antenna 1 

formed of a whip antenna, two transmitting/receiving antennas 2 and 11 
are each formed of a meander type antenna that is folded to reduce the 
total length, or of a helical type antenna not shown. 

Further, if the feed points of respective transmitting/receiving 
25 antennas 1, 2 and 11 are placed close to each other, as shown in Fig. 7, the 
antenna coupling can be made smaller, and therefore, the recognition level 
of cross polarization can further be improved. 

Fig. 8 is a block diagram of portable radio equipment according to 
the fifth embodiment of the present invention. 
30 In the embodiments shown in Figs. 2 and 5, tilt angle detector 9 has 

been provided, and the distribution ratio of power being fed to the 
respective antennas has been controlled based on the detected tilt angle. 
In the embodiment shown in Fig. 8, the distribution ratio of power being 
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fed to the respective antennas is calculated based on their reception levels. 
To that end, transmitting/receiving antennas 1 and 2 are connected to field 
strength detectors 12 and 13, respectively, and the received field strengths 
of the antennas are detected. The detected outputs of reception field 
5 strength detectors 12, 13 are supplied to an analog comparator 14. Analog 
comparator 14 has also been provided with weighting of the antennas from 
power distributor 5. Analog comparator 14 compares the magnitudes of 
the received field strengths and the weighting of the antennas, and 
determines which antenna is more effective in reception. The determined 

10 result is output to control unit 10 for feedback to the control of variable 

power distributor 5 in a next control time, so that the distribution amount 
of power to the antenna performing effective reception is increased. 
Repeating such control makes it possible to optimize the ratio of power 
being fed to respective antennas. In other words, the antenna efficiently 

15 performing reception is determined as an antenna having vertical 

polarization with respect to the land surface in its current position and 
state. The transmission/reception of the antennas is thus controlled. 

As explained above, according to the present invention, at least two 
transmitting/receiving antennas are coupled to a radio unit so that they 

20 operate at the same time, and the weighting of distribution amount of 

power being dealt by each antenna is changed, so that the direction of the 
composed main polarization of the antennas can be matched to the plane of 
polarization of the waves transmitted to or received from the base station. 
Accordingly, it is possible to improve antenna gain by electrically 

25 decreasing loss due to nonconformity of polarization, regardless of the 
direction in which the portable radio equipment is placed or held. 

The embodiments of the present invention have been described above 
in detail with reference to the drawings. However, the present invention 
is not limited to any of the embodiments, and many kinds of variations and 

30 modifications are allowed within the scope of the spirit of the present 

invention. The scope of the present invention is indicated by the scope of 
the claims as attached. 
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CLAIMS 



1. Portable radio equipment provided with a radio unit (4) formed 
of a transmitting/receiving circuit within a cabinet, comprising: 

at least two transmitting/receiving antennas (1, 2, 11) different in 
direction of main polarization from each other; and 

a power distributor (5) coupling each said antenna to said radio unit 
such that said at least two transmitting/receiving antennas operate 
simultaneously and weighting distribution amounts of power being dealt by 
the respective antennas. 

2. The portable radio equipment according to claim 1, further 
comprising: 

a tilt detector (9) detecting a tilt angle of said cabinet; and 
a control circuit (10) controlling power distribution by said power 
distributor based on the tilt angle detected by said tilt detector, such that 
said at least two transmitting/receiving antennas realize optimum 
transmission/reception . 

3. The portable radio equipment according to claim 2, wherein 
said power distributor includes 

an impedance transformation circuit (6, 7, 12) controlling impedance 
of said at least two transmitting/receiving antennas to change weighting of 
a distribution ratio of power being fed to the respective antennas, and 

an impedance adjustment circuit (8) adjusting total composite 
impedance of said at least two transmitting/receiving antennas and said 
radio unit. 

4. The portable radio equipment according to claim 3, wherein said 
impedance transformation circuit and said impedance adjustment circuit 
include variable capacitance diodes (C1-C9). 

5. The portable radio equipment according to claim 1, further 
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comprising: 

a reception strength detector (12, 13) detecting received field 
strength of each of said at least two transmitting/receiving antennas; 

a comparator (14) comparing the received field strength detected by 
5 said reception strength detector with the weighting of the antenna given by 
said power distributor; and 

a control circuit (10) controlling the weighting by said power 
distributor based on the comparison output of said comparator, to optimize 
a ratio of the power being fed to the respective antennas. 

10 

6. The portable radio equipment according to claim 4, wherein 
said power distributor includes 

an impedance transformation circuit (6, 7, 11) controlling impedance 
of said at least two transmitting/receiving antennas to change the 
15 weighting of a distribution ratio of the power being fed to the respective 
antennas, and 

an impedance adjustment circuit (8) adjusting total composite 
impedance of said at least two transmitting/receiving antennas and said 
radio unit. 

20 

7. The portable radio equipment according to claim 6, wherein said 
impedance transformation circuit and said impedance adjustment circuit 
include variable capacitance diodes (C1-C9). 

25 8. The portable radio equipment according to claim 1, wherein said 

at least two transmitting/receiving antennas are placed orthogonal to each 
other. 

9. The portable radio equipment according to claim 1, wherein one 
30 of said at least two transmitting/receiving antennas is a whip antenna, and 
the rest of said antennas includes a meander antenna that is folded to 
meander so as to reduce the total length. 
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ABSTRACT 



In a cabinet (3) of portable radio equipment, two 
transmitting/receiving antennas (1, 2) are placed orthogonal to each other. 
These transmitting/receiving antennas (1, 2) are connected via a power 
distributor (5) to a radio unit (4). A tilt angle detector (9) detects the tilt of 
the cabinet (3). A control circuit (10) controls impedance transformation 
circuits (6, 7), based on the detected tilt angle, to alter the weighting of a 
distribution ratio of power being fed to the respective antennas. A 
composite impedance adjustment circuit (8) adjusts total composite 
impedance of the transmitting/receiving antennas (1, 2) and the radio unit 
(4). 
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name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
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Prior foreign applications 



I hereby claim foreign priority benefits under Title 35, United 
States Code, §119 of any foreign application (s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
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1 hereby. claim the benefit under Title 35, United States Code, 
§120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, §1. 56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 
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t hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 



Form PTO-FB-2S5 (8-83) 



Page 2 



Patent and Trademark Offlce-U.S. DEPARTMENT OF COMMERCE 



— in 

Japanese Language Declaration 



# 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, {list name and reg- 
istration number) 



G. Franklin Rothwell, 
E. Anthony Figg, Reg. 
Barbara G. Ernst, Reg 
George R. Repper, Reg 
Bart G. Newland, Reg. 
Vincent M. DeLuca, Reg 



Reg. No. I8 r i2.s 
No. 27,195 
No. 30,377 
No. 31, 41 4 
No. 31,28 2 
No. 32, 40 8 



Celine Jimenez Crowson, Reg. No. 40, 35 7 
Joseph A. Hynds, Reg. No. 34, 627 



Mark I. Bowditch, Reg. No. 40, 315 
Robert J. Jondle, Reg. No. li^JLlS 
Kenneth M. Fagin, Reg. No. . 37, 61 5 
Don M. Kerr, Reg. No. 22,720 
Jeffrey L. Ihnen, Reg. No.. 2 8, 95 7 
Stephen A. Saxe, Reg. No. ,2fLiL09 
Glenn E. Karta, Reg. No. 30, 64 9 
Martha Cassidy, Reg. No. . 44,066 



■Bothwellr Figg, Krnat & 
Manbeck 

Su ite 701. E^Q i- Tnwnr 

5^03th _Street , N. W. 
Washington, D.C. 20 004 
U.S.A. " ~ " 



Send Correspondence to: 



Direct Telephone Calls to: {name and telephone number) 





Full name of sofe or first inventor 
Hideaki SHOJI 




Inventor's signature Date 




Residence & u (J J 
-Hyogo,.. Japan 0"PX 




Citizenship 
Japanese 




Post Office Address 
c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 




Full name of second joint inventor, if any 

Yasuhito TMANTPHT . 


raa2awif<o*s at* 


Second Inventor's signature A Date 




Residence (I <f 

Hvoao, Japan 


mm 


Citizenship 

Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chome, 
Chiyoda-ku, TOKYO 100-8310 JAPAN 



(SAi /ctt* illU&<D&m%BR%[Zij bX blpltS^ffi (Supply similar information and signature for third and sub- 

}B*S JitfSfiSJIfarSC to ) sequent joint inventors.) 



Page 3 



Form PTO-FB-265 (B-83) 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 






Japanese Language Declaration 






Full name of third joint inventor, if any 
Toru FUKASAWA 






Third Inventor's signature Date 

^C^-w-t^ July 10, 2001 






Residence 
ny OCjO , J apan c ) J-^ X 




Hit 


Citizenship 






Post Office Address 

c/o Mitsubishi Denki Kabushxki Kaisha, 






2-3, Marunouchi 2-chome, 

LXLiyOGa— KU , IvJJxxL; J_UU — 0>3JLU J/\Jr/\l\l 












Full name of fourth joint inventor, if any 
Hiroyuki OHMINE 




mm a ^mmm^m^ a ft 


Fourth Inventor's signature N Date 

JJiAWuAtl &JwU4ajZ July 10, 2001 




my i 


Residence * 

riyoy O T J CX^JCXl 1 


0 


Hi! 


Citizenship 






Post Office Address 
c/o Mitsubishi Denki Kabushiki Kaisha, 


E 




2-3, Marunouchi 2-chome, 
Cniyocia-Ku, iukyu luu— oo±u jafan 












Full name of fifth joint inventor, if any 


?! 




Fifth Inventor's signature Date 






Residence 


p: 

T 


s» 


Citizenship 






Post Office Address 


















Full name of sixth joint inventor, if any 






Sixth Inventor's signature Date 






Residence 




HII 


Citizenship 






Post Office Address 










(£g 7 s t it * tiia»a)*raa w# lt^^h » 


(Supply similar information and signature for seventh and 
subsequent joint inventors.) 




Page 4 



